Pacific Northwest National Laboratory (PNNL) was funded by FEMP in FY01 to identify the key industrial sites in the Federal sector that are good candidates for energy-efficiency projects. PNNL researched a variety of data sources and documents to 1) understand how the Federal government classifies industrial facilities; 2) screen Federal agencies to identify the key agencies that have industrial activities; and 3) locate the large, energy intensive Federal industrial complexes and the energy intensive processes that are used. Through this research, the dominant agencies that have large energy intensive industrial processes have been identified to be:
DEPARTMENT OF DEFENSE
Within the Department of Defense, the Army has the majority of the industrial facilities. The key type of Army industrial facilities are arsenals, ammunition plants, and depots, where weapons are produced and vehicles and equipment is repaired and serviced. The key Army sites identified in this report are listed below:
• Rock Island Arsenal The Navy's primary industrial complexes are at Naval Ship Yards, where all Navy ships and related equipment are repaired, overhauled, and maintained, which includes the mechanical, electrical, and structural overhaul. The sites identified are listed below:
• Long Beach Naval Ship Yard • Portsmouth Naval Ship Yard • Norfolk Naval Ship Yard • Bremerton Naval Ship Yard.
CIVILIAN AGENCIES
Within the civilian agencies, the Department of Energy (DOE) has three key industrial facilities that are listed below:
• Kansas City Plant • Sandia National Laboratory • Petroleum and Oil Reserves.
National Aeronautics and Space Administration's industrial sites are facilities that produce and maintain equipment and parts for space craft:
• Michoud Assembly Facility
It is the intent of the authors that this information be utilized by FEMP to assist in targeting large Federal industrial sites for energy projects. The report details the location, energy use data including annual energy consumption and cost information, and key industrial processes to provide the type of information needed for characterizing and prioritizing sites for energy-efficiency projects.
x At the present time, there is no official program that assists Federal industrial facilities in energy reduction. Therefore, the aim of this task is to identify and characterize key industrial Federal sites as the first step toward establishing a support program for energy reduction for industrial facilities. To this aim, several questions need to be answered to assist in identification of ways to meet the goal for Federal industrial facilities and assist in developing the overall FEMP program direction. 1) What is the relative mix of industrial facilities compared to laboratory facilities in the Federal sector?
FIGURES
2) What and where are the key large industrial Federal sites?
3) For identified industrial facilities, what are the types of processes used to target efficiency improvements?
This document identifies key industrial sites in both the Defense Department and civilian agencies and the general types of processes that exist at the sites that could be prime candidates for energy efficiency improvements. It is the intention of the authors to provide information to help in the development of the overall FEMP effort related to industrial program activities.
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OVERVIEW
For FY 2000, Federal agencies reported annual energy use to FEMP in three categories:
1) Standard Buildings and Facilities
2) Energy Intensive Operations: industrial, laboratory, and other energy intensive facilities 3) Exempt Buildings: Buildings that were not occupied or were being either commissioned or decommissioned.
The definitions of these categories have changed from previous years. Previously, all buildings that were energy intensive were classified under the Exempt category and were excluded from all energy reduction goals because these types of facilities tended to be mission oriented and were more difficult to implement efficiency measures. However starting in FY 2000, facilities that were energy intensive were categorized into Energy Intensive Operations and were required to meet reduction goal of 20% by 2005 based on the baseline year of FY 1990.
The first step in characterizing large Federal industrial sites is to carefully identify which agencies report energy-intensive operations (EIOps), the associated energy use, and list indicators they used to identify specific sites or building types. Therefore for the purposes of this report, an industrial facility is one that involves a process that manipulates or produces a product that is not directly associated with a research and development laboratory. In other words, if the facility is producing a product or overhauling/refurbishing components for the sole intent of utilizing the product for its inherent purpose, such as producing ammunition or repairing military aircraft for example, then the facility is considered industrial. For further information, the specific definitions of industrial facility for specific agencies are listed below.
GSA's Definition of Industrial Facilities
Buildings specifically designed and primarily used for production or manufacturing, such as the production or manufacturing of ammunition, aircraft, shops, vehicles, electronic equipment, chemicals, aluminum, and magnesium.
DOE's (FEMP) Definition of "Industrial, Laboratory, Research, and Other Energy-Intensive Facilities" in EO 13123
Under the Order, industrial facilities should be classified as energy-intensive and be subject to the goals of Section 203. Section 706 defines "industrial facility" as "any fixed equipment, building, or complex for production, manufacturing, or other processes that uses large amounts of capital equipment in connection with, or as part of, any process or system, and within which the majority of energy use is not devoted to the heating, cooling, lighting, ventilation, or to service the water heating energy load requirements of the facility."
DOD's Definition of Industrial Process Energy, as defined in the report "Review of Department of Defense Industrial Processes and Process Energy" (Lin 1996) "Industrial process energy is defined as the facility energy directly consumed in the manufacture, rehabilitation, or refurbishment, and the destruction of products such as tanks, aircraft, ships, … and energy consumed in the movement of materials in automated warehouses. It excludes energy used for personal comfort, general administration, facility security, and housekeeping requirements."
Four main types of energy are discussed in the report:
1) Maintenance type processes 2) Explosive production 3) Metal processing 4) Loading, assembling, and packing.
DEPARTMENT OF DEFENSE
The Department of Defense (DOD) is the largest industrial user in the Federal Government. DOD is involved in energy intensive industrial processes such as producing arsenals, ammunitions, and repairing and overhauling vehicles, ships, aircraft and other related equipment. At all major DOD industrial sites, the most common facilities that house industrial type processes are listed below:
Heat treating shop Electroplating shop Motor rewind shop Painting and paint stripping shops Central compressed air system Central steam distribution.
These types of facilities usually use large motors, fans, and air compression units that will likely be key targets for energy-efficient improvements. Also, other retrofits including operations and maintenance (O&M) measures (such as perform routine maintenance of steam lines and traps, insulate heated solutions, and automate processes with controls) are ideal energy reduction techniques that can reduce energy consumption.
The following sections list the largest industrial sites in the three major DOD services -Army, Air Force, and Navy. Information on location, energy use, site size, and typical processes are provided for each key site, as available.
ARMY
The primary industrial facilities in the Army are in the Army Material Command (AMC). The key industrial AMC facilities are arsenals, depots, and ammunition plants. These facilities are energy intensive and are most likely good targets for energy-efficiency projects.
Army Arsenals
The primary mission of arsenals is to produce weaponry for the Army. 
Holston Ammunition Plant
Location: Kingsport, Tennessee Size: 2,429,000 sq. ft.
Milan Ammunition Plant
Location: Milan, Tennessee Size: 4,226,000 sq. ft.
McAllester Ammunition Plant
Location: McAllester, Oklahoma Size: 9,805,000 sq. ft.
Army Depots
Army depots' main mission is to repair and service army equipment and vehicles. There are six active depots (listed below) with general information given on the services provided at each complex. 
Services:
Maintenance of electronics and communications equipment (satellite terminals, radio and radar systems, navigational equipment, including other specialized equipment).
Letterkenny Army Depot
Location: Chambersburg, Pennsylvania Size: 7,080,000 sq. ft Website: http://www.letterkenny.army.mil/ Letterkenny Depot is a part of the Army Aviation and Missile Command, dedicated to industrial operations and maintenance. The depot is located in south central Pennsylvania near Chambersburg.
Services:
Mechanical capabilities: machining, sheet metal capabilities, welding, heat treatment, hydraulics, painting, plating, metal pretreatment, engine overhaul, among others Electronic capabilities: electronic system integration, wiring harness fabrication, fiber optic cables fabrication and repair, radar testing, among others. The table is sorted by this index from greatest to least to provide the reader with a prioritization in terms of cost of energy at the site. Also, the electric energy use intensity (EUI) is provided to show how the site uses electricity based on its floor area. Rock Island Arsenal ranks first in electric EUI and last in cost/energy index. Table 2 was provided by CERL from a database maintained for REEP. However, because the Air Force has not reported up-to-date data for REEP, the most current installation data available for Air Force sites is FY1997.
NAVY
The Navy's primary industrial complexes are at Naval Ship Yards. The shipyards, like the Army Depots, are where all Navy ships and related equipment are repaired, overhauled, and maintained, which includes the mechanical, electrical, and structural overhaul. Typically, the energy use at shipyards is very sporadic because ships are worked on only when at dock. A list of common processes employed at Navy shipyards includes: Paint booths and paint stripping Heat treating Electroplating Abrasive blasting Welding Motor rewinding.
The Navy has some unique processes that include the fabrication and repair of large metal structures including: Pipefitting Shipfitting Boilermaking.
Long Beach Naval Ship Yard
Location: Long Beach, California Size: 3,151,000 sq. ft.
Portsmouth Naval Ship Yard
Location: Portsmouth, New Hampshire Size: 4,046,000 sq. ft.
Norfolk Naval Ship Yard
Location: Norfolk, Virginia Size: 6,300,000 sq. ft.
Bremerton Naval Ship Yard
Location: Puget Sound, Washington Size: 5,406,000 sq. ft.
The data represented in Table 3 comes directly from the Naval Facilities Engineering Service Center -the Navy organization that maintains site-level energy data. Sandia National Laboratory primarily houses laboratory/research and development facilities. However, the lab has key industrial processes that support the research and development mission. These include advanced manufacturing, microelectronics, and materials science.
Manufacturing Technology Center -This center develops manufacturing processes. The industrial processes that are used include: Bonding, coating, machining, ceramic processing, glass melting.
Microelectronics -Sandia houses a plant for the fabrication of and production of microelectronics and photonics. This laboratory is over 180,000 square feet comprised of laboratory space and a series of large fabrication clean rooms.
Naval Petroleum and Oil Shale Reserves
Location: Colorado and Wyoming Size: 68,755 sq. ft. Website: http://fossil.energy.gov/nposr/index.shtml
The Department of Energy manages petroleum and oil shale reserves. These reserves are not strictly classified as industrial facilities, but they are identified by DOE as energy intensive operations. These sites hold large reserves of petroleum in underground storage facilities that require large pumps to circulate the fluid. Therefore, these facilities may prove to be good candidates for high-efficiency motor replacements. There is also steam generation at these sites, which may provide areas for efficiency improvements. Table 4 shows the process energy use for these sites, which excludes building energy (e.g., lights and heating, ventilation and air conditioning (HVAC)). The data in Table 4 was provided by DOE from the EMS3 system, which is the intranet database system that manages DOE's site level energy data. For the petroleum and oil reserves, only data from Casper, Wyoming Reserve was available. Also, the most recent data available was FY 1997. Marshall Space Flight Center covers over 1,800 acres with 220 buildings. Marshall's energy use has been categorized as 75% energy intensive by NASA, with the majority of this energy in R&D, but some in industrial processes. Marshall is responsible for the critical components of the space shuttle and development and demonstration of other advanced aircraft, including space propulsion technology. Table 5 shows site level energy data that represents the energy-intensive portion of the sites' total energy consumption. This energy excludes the energy used to operate the buildings (e.g., lights and HVAC). The data comes directly from NASA Headquarters. Only about 10% to 15% of the floor space, is conditioned office space, with the remainder dedicated to coin production in an unconditioned industrial facility with 50-foot ceilings. The space is divided by a central corridor and an enclosed tour gallery at the ceiling level. One side of the production space houses five Seco-Warwick rotary retort, indirect-fired continuous furnaces (with an integral quench bath and steam-drying drum) (purchased in 1995-1999) for annealing blanks. The other side of the production floor houses die-manufacturing equipment and an older electric furnace.
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The major energy consuming systems are the process equipment (i.e., the furnaces), HVAC, lights, hot water, compressed air and the wastewater treatment system. The energy used includes natural gas, steam, and electricity. The steam is purchased from a local company, Trigen, with some condensate return used to preheat domestic hot water within the building. The steam is used in the furnace dryers, and for process hot water year-round and space heating seasonally.
There is heat recovery on furnace #5 (i.e., an evaluation of recuperators was in progress in FY01) and no heat recovery on the other four furnaces. Each furnace has hood fans that pull off the furnace exhaust and discharge the heated air to the atmosphere.
The water treatment system includes two old (over 30 years-with some upgrades) cooling towers located on the roof. Typically, one is dedicated to process water and the other supplies the HVAC system (i.e., two new chillers located in an adjacent room). They have two centrifugal chillers, (a 300-ton Carrier and a 400-ton York). Normally, only one is used at a time, except on rare occasions in the summer, when they need both. Condensate and city water are used as make-up water for the treatment system.
If site-specific energy data is required, please contact the authors. 
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